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As IN ALL fields of engineering biotechnical science, an understanding of the 
physiological processes involved is essential to the proper evaluation and under-
standing of the effects of atmospheric pollution as well as for the development 
of rational and economical programs for the minimizing of same. Man can sur-
vive without food for a number of days and without water for one or two days. 
The air he breathes, however, is vital to his immediate survival as he cannot do 
without it without pronounced physical distress for more than a few moments. 
Since he is surrounded by the atmosphere, any alteration of that to which he is 
accustomed will produce serious effects upon him. To a large measure, his live-
stock and other animal neighbors are similarly affected by the presence of ab-
normalities in the atmosphere. 
Before embarking on a discussion of atmospheric pollution and its effects on 
man, it possibly ·would be well to review the composition of the normal atmos-
phere at sea level, which consists of approximately 77% nitrogen, 20% oxygen, 
1.2% water vapor and the remainder consisting of small quantities of carbon di-
oxide, hydrogen, neon and helium. The average adult in this atmosphere, while 
resting in bed, will inspire approximately 6 liters per minute and while resting 
in a sitting position, 7 liters per minute. While walking at 2 miles per hour he 
will inspire approximately 14 liters per minute, and under conditions of maxi-
mum exertion, 65-100 liters per minute. It is obvious that small changes in the 
composition of the atmosphere breathed may have pronounced effects of either 
immediate or long term duration. 
One may divide atmospheric pollutants into two general classes-those of 
natural origin, and those created by man. In some ca~es a combination of natural 
and man-made pollutants may be present. Most of this discussion deals with 
atmospheric pollutants arising from the work and activities of man in his envi-
ronment, but it is important to point out that naturally occurring contaminants 
of the atmosphere may have a pronounced effect on the health of man. These 
pollutants include dusts, odors, fog and other manifestations of abnormal water 
vapor content, pollen and other biological agents acting as allergens, and other 
biological material such as spores and bacteria. In this last group one should cite 
the spores of "cocciodies imitis," the causative agent of coccidioidomycosis (pop-
ularly known as San Joaquin fever) , which are present in parts of certain west-
ern states. The control of natural pollutants may be difficult and costly. 
Among the man-made atmospheric pollutants of concern with regard to 
their effects on man are gases, mists, smokes, dusts, vapors and other particulate 
materials and odors. These may be waste products from industrial operations or 
arise from other activities of man. Included in this latter group are carbon mon-
oxide produced by automobile engines, soot and smoke problems resulting from 
improper firing of heating equipment and the dissemination of agricultural in-
secticides. 
Atmospheric pollutants may have effects on man or animals ranging from 
mild perception with minimal responses through a spectrum of increasingly 
harmful conditions up to the point of becoming hazardous to life for even a 
short exposure. The range of effects may be described in order of increasing seri-
ousness as follows: 
a. Accepted by the mass of the population without complaint or physiologi-
cal harm. 
b. Nuisance but not actually harmful to health. 
c. Production of adverse effects after long term (many years) exposure with-
out apparent symptoms of the exposure for a major portion of the period. 
d. Production of adverse effects after moderate exposure (months or years) 
without immediate onset of symptoms. 
e. Harmful effects after a few days exposure. 
f. Prompt illness or possible death after exposure for a very short period 
such as hours or a few days. 
It is also possible to make a more general classification of atmospheric pol-
lutants into two groups, namely, those which are primarily irritants or consti-
tute a psychological nuisance and those which have either long range (chronic) 
or short term (acute) health hazards. In some instances a material which may 
be an irritant or nuisance from an immediate viewpoint may also represent a 
long term health hazard. From the community standpoint, an irritating or nuis-
ance pollutant may be of as serious concern as a long range hazard and the 
mental public health implications of such material should not be overlooked. 
These may constitute an added. stress to an already over stressful environment 
which includes the hazards of noise, automotive traffic and associated problems 
of modern community living. 
As is the case with industrial toxicants , any approach to the problem of 
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atmospheric pollution must be predicated upon a knowledge of how the material 
in question affects man or animals, the methods by which these materials are 
taken into the body, what their fates are after entry, including how they are 
transported and absorbed, what organic systems are affected and how, and finally 
how they or their conversion products are eliminated from the body. This re-
quires an appreciation of the toxicology of the materials involved. 
The respiratory tract is the main route of entry of air pollutants into the 
body. While some chemicals may be absorbed through the skin and others may 
produce skin irritation, the lung with its surface area in the average adult of 
approximately 100 square meters ( over which the volumes of the atmosphere 
described above pass every minute) affords a much greater area for absorption of 
contaminants than the skin with an area of only approximately 2 square meters .. 
Some materials produce irritation to the eye and nasal mucosa, and in some in-
stances this may be the primary effect noted. The possible role of air-borne 
contaminants falling upon vegetables and other sources of food which are sub-
sequently ingested by man or animals is a matter requiring careful consideration. 
This has been incriminated as a source of fluorosis in cattle grazing in areas sub-
ject to fluoride fallout from nearby industrial operations. The increasing use of 
agricultural chemicals makes this a matter of more concern and emphasizes the 
importance of better toxicological investigations on new products prior to their 
widespread use. 
It is well also to point out that the threshold limit values ( sometimes called 
maximum allowable concentrations or maximum permissible concentrations) 
utilized in industrial hygiene engineering practices are not applicable to the prob-
lems of community air pollution. These values, which have been developed from 
toxicological investigations, clinical studies and field observations, do not reflect 
finite limits between "absolutely dangerous" and "certainly safe" conditions. 
They are, instead, concentrations to which long term exposure on an eight hour 
a day, forty hour week, fifty-two week year, thirty to forty year working lifetime 
will not produce demonstrable physiological changes or cause any other harmful 
effects. They are intended primarily for use in evaluating industrial environments 
and for the development of required industrial measures in which the handling 
or use of toxicants is involved. They are basically an aid for the industrial 
hygiene engineer in designing his controls and to the industral physician in as-
sessing the effects of environmental exposure. Since these values are for a work-
ing day and assume a period of relief from exposure, it is apparent that they do 
not apply to continuous exposure situations, twenty-four hours a day from in-
fancy throughout life, as exists with community air pollution. The time-con-
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centration relationships developed for industrial exposures cannot be directly 
extrapolated to apply to the problem of community air pollution effects. 
As pointed out by McCabe, the industrial threshold limit value for some 
materials is far below the dangerous or fatal concentration whereas for others 
the margin of safety is not as great. As an example, chlorine with initial effects 
of irritation and edema has an industrial threshold limit value of 1 part per mil-
lion, while the dangerous level is approximately 35 times greater. Hydrogen 
chloride, which is a throat irritant, with a threshold limit value of 5 parts per 
million, does not become immediately dangerous until it is present in a con-
centration 200 times this value. Some pollutants have characteristics such that 
their presence will be noted by offensive odor or irritating effects well below the 
levels immediately dangerous to health and will cause individuals exposed there-
to to seek to vacate the area long before any harm to health would result. There 
are other materials which may be immediately dangerous to life which give little 
or no warning of their presence. Between these extremes lie the vast majority of 
man-made atmospheric pollutants. An area of major concern in which there is a 
need for a great deal more knowledge is the relating to the possible slow build 
up of the body burden of atmospheric pollution toxicants with accompanying slow 
onset of vague and ill defined symptoms, the cause of which is masked by other 
conditions. 
It is difficult, with our present state of knowledge, to accurately specify 
what is the relationship between long term exposure to very low concentrations 
of air pollutants and the incidence of chronic diseases or alterations in the pro-
cess of ageing. Unfortunately, there is no simple engineering equation which can 
be written which will provide the answer; and much long term research will 
have to be completed in this area. Keeping in mind the foregoing and the 
spectrum of possible conditions previously mentioned which may be present in 
the atmosphere, the physiological effects of air pollutants may be described in the 
same terms as developed by Henderson and Haggard for use in industrial hygiene 
work. These are as follows: 
a. Irritants. Materials which are corrosive or vesicant. Exposure may result 
in mild irritation, production of vesicles or blisters or actual scarring and destruc-
tion of tissues. Concentration rather than duration of exposure is of more impor-
tance. 
(1) Those affecting chiefly the upper respiratory tract, such as acrolein ( a 
component of gases resulting from combustion), chrome compounds, 
sulphur dioxide and similar materials. 
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(2) Irritants affecting both upper respiratory tract and pulmonary tissues 
including chlorine, fluorine, ozone, sulphur chlorides and similar ma-
terials. 
(3) Irritants affecting terminal respiratory tree, such as arsenic trichloride 
and phosgene. 
(4) Those producing a corrosive or irritant effect on the skin-acid mists, 
for example. 
b. Asphyxiants. Compounds which exert their effects by interfering with 
the transportation of oxygen to the tissues. These materials in low concentrations 
may affect mental response, cause fatigue or headache or other vague systemic 
responses. 
(1) Simple asphyxiants, including carbon dioxide, methane, nitrogen and 
nitrous oxides, act by dilution of atmospheric oxygen below the partial 
pressures required for normal tissue respiration. 
(2) Chemical asphyxiants including materials such as carbon monoxide and 
cyanides, prevent the transportation of oxygen from the lung through 
the blood, or else interfere with normal oxidation in the tissue even 
though the blood has been well oxygenated. 
c. Anesthetics and narcotics materials generally used in industry are not 
very often present as community air pollutants. Carbon tetrachloride, paraffin and 
olefin hydrocarbons, ethers, alcohols and similar materials are examples. Initial 
acute effects result from action on the central nervous system. The halogenated 
hydrocarbons produce serious damage to the liver and kidneys following pro-
longed exposures to concentrations above the industrial threshold limit values 
and are thus both anesthetics and narcotics and systemic poisons. 
d. Systemic poisons cause organic injury to either the visceral organs, the 
blood and blood forming organs or the central nervous system. The previously 
mentioned halogenated hydrocarbons fall into this class. Materials such as 
benzene, phenols and their compounds are toxic due to effects on the blood and 
blood forming organs. Many of the newer organic phosphates are nerve poisons. 
(1) Toxic metals such as lead and mercury. 
(2) Toxic non-metal and organic material such as arsenic, selenium and 
fluorides. 
e. Particulate material other than systemic poisons including fibrosis produc-
ing dusts, inert dusts such as carbon, materials causing allergic reactions, bacteria 
and fungi. 
f. Materials causing complex systemic responses including radioactive ma-
terials and those possibly incriminated in the production of cancers. 
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Another physiological effect of atmospheric pollution is the fact that under 
certain conditions non-specific respiratory irritations may result from the presence 
of a combination of pollutants. This may be a factor in production of sufficient 
additional stress to produce illness or even death among individuals already suf-
fering from respiratory or circulatory system disorders. The smog disaster at 
Donora, Pennsylvania, in 1948 and the London smog episode of 1952 are exam-
ples of such occurrences. As pointed out by Nelson, the symptoms produced 
under these conditions may occur well below the level of sensory detection. In 
addition, combinations of pollutants in the. atmosphere may produce complex 
reactions difficult to specify in precise terms but which create marked physiolo-
gical responses. The well known eye irritation of the Los Angeles smogs is an 
example of this condition. 
The possible role of air pollution in the incidence of respiratory diseases 
such as . the common cold, influenza and pneumonia has been hypothesized many 
times. Precise epidemiologic evidence is lacking, and the majority of the evidence 
has been on the negative side. Further studies in this area will give more definite 
information. 
A word of caution is appropriate with regard to the comparison of atmos-
pheric pollution on man as compared to animals. "Mice are not men and vice 
versa," as has been said by Dr. Robert Kehoe, one of the leading toxicologists 
of the United States. D irect extrapolation of observations on animal exposure to 
man may lead to erroneous conclusions. Great care must be exercised in this re-
gard with reterence to the effects of atmospheric pollutants on domestic animals 
and livestock. 
l n summary, the eflects of atmospheric pollutants fall into two classes-
nuisance and health hazards. under some conditions both may be present. A very 
real need exists for engineers and other scientists to develop a greater understand-
ing of the physiological and toxicological manifestations involved in air pollu-
tion effects. This is essential for development of rational yet economical control 
measures. 
Bibliography: 
Air Pollution at Donora, Public Health Bulletin 306, 1949, U. S. Government 
Printing Office 
Proceedings of the U. S. Industrial Conference on Azr Pollution, McCabe, Louis, et al , 
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Noxzous Gases, Y. Henderson and H. Haggard, Reinhold Publishing Co., New 
York, 1943 
Cancer Hazard from Air Po!lutzon, American Medical Assocfation News Bulletin, 
6 October 1950 · 
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Air Pollution Control at a Chemical Plant 
Jos. F. NEMETH 
chemzcai engineer at Monsanto Chemical Co. 
)t. Louis, Mo. 
YouR CHAIRMAN has asked me to talk on "Air Pollution Control at a Chemical 
Plant. " I was very pleased to be invited to attend and to participate in the Air 
and Water Pollution Conference. Since I am from the Queeny Plant of Monsanto 
Chemical Company, I will tender my talk on Air Pollution Control at that plant. 
The John F. Queeny Plant of Monsanto is located in Saint Louis , Missouri 
near the banks of the Mississippi River. The plant is bounded on the west by 
residential homes and retail stores shopping area, on the north by residential 
homes and steel fabricators, on the south by a foundry, and on the east by rail-
road yards and the river. The downtown shopping area is less than two miles to 
the north of the plant. The metropolitan Saint Louis area has a population of 
about 2,500,000 people. 
Industry 1s blamed by the public tor much of the existing pollution of the 
atmosphere . Huge clouds of smoke may come from industrial stacks, but in a 
community we also have trash burners, home heating plants, automobile ex-
hausts, incinerators, etc., which contribute to air pollution. Air pollution is ac-
cused of many things-choking city residents, souring tourists, stunting flower 
gardens, unravelng stockings. Now there is talk that dirty air may be the secret 
of the apparent warming up of the world's climate in recent years. 
The chemical industry, in particular, has been charged by some as a prime 
offender of air pollution. 1 he fact remains that many individuals continue to 
blame chemicals, in general, for creating pollution problems. The word "chemi-
cal" denotes to them something that is objectionable, obnoxious, and harmful. 
It is quite difficult to shrug off this denotation, since it is quite clear that all 
pollutants, whether they be of particulate vapor or gaseous nature, are "chemi-
cals," whether discharged from a chemical plant, a home incinerator, an auto-
mobile exhaust, or some industrial plant. The householder contributes hi~ share 
toward air pollution, particularly in his use of the trash burner. He packs trash-
waste paper, rags, magazines, cardboard boxes, leaves, etc.-into these burners 
without allowing free excess of air. Complete combustion of materials can only 
be accomplished by burning of materials with a considerable amount of air. In-
complete combustion brings about smoke and gases which are quite irritating to 
eyes, nose, and throat. 
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The Pendray and Company of New York, in a recent opinion survey on 
odors, asked the following question : "Would you please indicate the source of 
odors in your community at this time or in the past?" Sixty-two percent of those 
questioned named chemicals, which topped the list. Next in line was vehicles 
which was mentioned by fifty-two percent. Thus, whether we like it or not, our 
industry must be prepared, at least for the present, to be accused of much of the 
air pollution. 
An example of this type of situation was experienced within the past year. 
Complaints were received from the community that obnoxious odors were com-
ing from the plant into their homes, thus making their life unbearable. A per-
sonal visit was made to the neighborhood, immediately, and the complaint was 
discussed with a considerable number of people. Some of the people blamed the 
chemical plant for the odors, while others were in doubt as to the source of the 
odors. W bile we were discussing the complaint with some of the people in a 
back yard, a stench type of odor was ob~erved. But we also observed that the 
wind direction was toward the plant so, therefore, the odor could not have come 
from the chemical plant. We stated that we would cooperate with them in de-
termining the source of the odors. Upon a thorough investigation, we noted that 
there was practically no rain for about two months, that some changes were 
made in the main sewer system, that their homes were located near the begin-
ning of the sewer system, that some of the homes had untrapped sewers, that 
some of the sewer piping trom the homes was cracked, and that some outside 
privies were not completely encloseci. All investigations were made by the people 
in that neighborhood. We opened sewer manholes and found very low flow of 
liquid with a considerable amount of waste matter. The odors emanating from 
the sewers resembled those found in some of the back yards, basements, and 
homes. The waste matter was evidently decomposing and the odors were back-
ing up through the untrapped sewers into their homes. We also asked the local 
sewer district to fiush the main sewers so as to remove the waste matter. We 
have had no complaints on these odors since that time. The people appreciated 
the fact that we took a personal interest in their p10blems, and that we were 
willing to help them. The prompt and frank handling of complaints always wins 
friends and understanding. 
Company Orgamzation 
A successful air pollution program begins and ends with recognition by 
management that all new processes and plants must be critically reviewed for 
waste disposal. Any far-reaching program entailing a substantial cost factor must 
have the approval and backing of top management. 
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It is now the accepted policy of many chemical firms to consider the disposal 
of all wastes as an integral part of any new plant or process. Also, it is just as 
much a job o± research to develop good methods of controlling air and water 
contamination as it is to develop new products and processes. 
Top management of Monsanto has asked that every new project for installa-
tion of plants give consideration to waste disposal and incorporate plans for rhe 
handling of pollution problems. The Research Department shares in the re-
sponsibility of planning ahead to make certain that pollution problems have 
been considered and suitable means for handling waste have been devised. For 
this reason, it has been agreed that the handling and treatment of waste disposal 
should be included as part of all process write-ups, including Suggested Proce-
dures and Tentative Processes issued by the Research Department. 
The factors involved in abating a pollution condition at an existing chemical 
plant present even more serious problems in many cases. A number of the older 
manufacturing departments were constructed during periods of growth when ex-
pansion was too rapid, because of emergency conditions, to digest all of the 
potential sources of pollution which accompanied this expansion. In such cases, 
we attempted to revise the process, increase the yields, or operate under condi-
tions more favorable to reduce waste products formation. 
Monsanto has assigned a chemical engineer, who is familiar with plant prod-
ucts, manufacturing processes , and experienced in the manufacture of various 
products, to spend full time on the Air and Stream Pollution Abatement Pro-
gram at the Queeny Plant in Saint Louis. 
Monsanto encourages his attendance at seminars, conferences, and training 
programs at their expense. 
During the past year he attended the following courses: 
"Advanced Training for Sanitary Engineers in Water Supply and Water Pollu-
tion Abatement Programs" for two weeks. 
"Air Pollution Atmospheric Sampling" for one week. 
"Laboratory Analysis of Air Samples" for one week. 
Excellent training programs in the field of Air and Stream Pollution are 
given at the Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio. 
Courses are designed to meet the needs of the broad spectrum of scientific and 
engineering workers concerned with these problems. Detailed course agenda are 
prepared at least sixty (60) days in advance of scheduled dates, and may be ob-
tained upon request. No tuition is charged. Representatives of regulatory agen-
cies, industry, university teaching staffs, and other qualified persons are encour-
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aged to participate. A schedule of their training program can be obtained upon 
request. The program lists all courses, description of course, and the date of of-
fering. Any one course is usually given for one to two week duration. 
The Abatement Program at the Queeny Plant consists of the following : 
1. Conduct a survey of all manufacturing departments as to discharges to the atmos-
phere and stream-a perpetual continuing inventory. 
2. Institute service requests and have personnel in the Technical Services Department 
investigate the pollution problem for a satisfactory solution. 
3. Design and/or suggest improvements in manufacturing processes to eliminate air or 
stream pollution. 
4. Make daily inspection trips within and outside the plant area for obnoxious odors 
and stack emissions. 
5. Cooperate with local health authorities on all air and stream pollution problems. 
6. Investigate all manner of citizen complaints whether from the surrounding com-
munity or in the plant, on air pollution from any source, and taking appropriate 
action. 
The Queeny Plant manufactures approximately two-hundred different prod-
ucts. A complete survey is made of the manufacturing facilities of each prod-
exists, the engineer and/ or department supervisor write up a service request, 
giving a statement of the problem and objective, suggested approaches and refer-
ences, estimated savings on recovery of waste materials or other benefits, and the 
time required to present the project. The service request is then signed by the 
superintendent and turned over to the Technical Services Department. An engi-
neer is then assigned to the problem. He will analyze the problem, present a 
plan and cost estimate for a satisfactory solution. Upon approval of the project 
the engineer will then follow through on the installation of the equipment. 
Daily inspection trips are made within and outside the plant area by the 
engineer, who observes the trouble before the neighbors start to complain. A 
chemical company can hardly be expected to smell like a rose garden, but ways 
have been found to reduce the amount of obnoxious odors. The observer sniffs 
about day after day for the merest whiff of an offensive odor, or other type of 
irritants. He then "traces it down" to its source. Offensive odors are one of the 
most difficult of all air pollution problems to deal with. Various types of mask-
ants and re-odorants are being used to offset the offensive odors. Airkem and 
Alamask are being used by various chemical companies as reodorants and mask-
ants to offset offensive odors. Would a vanilla type odor be objectionable to you? 
I like the vanilla type of odor, but some people think it is an offensive odor. 
Public Relations 
Industry's relations with the general public are most important. An aroused 
public is an unreasonable public, and an unreasonable public can cause excessive 
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expenditures. Local in nature, air pollution has a direct impact on the daily lives 
of the people in the plant community. It affects people personally and intimately, 
and so arouses strong, sometimes violent public reaction. Extreme cases receive 
national press coverage and bring increased public demand for action, usually in 
the form of restrictive legislation. Therefore, it is essential that industry survey 
its position to determine the most advantageous course of action in reference to 
pollution control. 
It is believed that an effective pollution abatement program can be a source 
of pride to chemical plant employees, most of whom normally are residents of 
the plant community. Outside the plant, employees will win friends for the 
company by telling their families, friends , and neighbors about the program. 
Conducted plant visits for employees' families , neighbors, civic and technical or-
ganizations, high school and university students are most effective in acquainting 
the community with the company's local problems and its corrective efforts. 
Any chemical company is certain to receive its share of complaints. Since 
most complaints arising from air pollution come from neighbors, it should be 
possible to respond to each complaint with a personal visit by a responsible 
member from management. Such complaints are usually sincere, and, as with 
every phase of community relations , they must be handled in good faith. The 
sanitary engineer visits with the complainant, listens sympathetically, shows per-
sonal interest, and makes sure that he learns exactly what the complaint is and 
what relief is desired. If the real situation is not readily apparent, an investiga-
tion is made to see how the facts square with the complaint, and the complain-
ant is kept informed of the investigation. 
Good employee relations are exemplified in the case of pumping sulfur 
dichloride from 55 gallon drums to a small storage tank. At times the pump 
would get vapor bound, when the liquid warmed up in the pump casing. As the 
pump was shut down and the liquid in the pipe line returned to the drum, HCl 
gas formed due to moist air in the atmosphere, plus the sulfur dichloride vapors 
spread over the area, causing eye, nose, and throat irritations. We tried cooling 
the material prior to pumping with only a limited amount of success. An engi-
neer was assigned to the job of improving transfer of this material. A satisfactory 
solution to the problem was the transfer of the material with vacuum. 
An important example of good community relations is illustrated in a com-
plaint, received by telephone, of a stench type odor in the neighborhood. A per-
sonal contact was made with the complainants, getting the facts . We stated that 
we would investigate the complaint, attempt to trace the source, and make prop-
er corrections. The people seemed pleased that we took such a personal interest 
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in the case. The source of the stench type odor was traced to a leaky plug on a 
mercaptan cylinder, located in a storage lot. The leak was repaired, and in addi-
tion, cooling water was sprayed on the cylinders to reduce pressure, thus reduc-
ing the possibility of a recurrence. 
Cooperation with public officials charged with enforcement of anti-pollution 
laws is an essential part of the community relations program. Most officials are 
reasonable and are anxious to cooperate with any chemical company that is mak-
ing a sincere effort to comply with the law. Every chemical company has some 
pollution problems. It is not enough that a company have a sound pollution 
abatement program, but must also keep the local enforcement agencies supplied 
with enough information regarding the program, so that the agencies may defend 
themselves, and, incidentally, the company, against public pressure. Good faith 
is the basis of the entire program. A company will enjoy good community rela-
tions as long as it acts in good faith with its employees and neighbors. 
Costs 
Overall annual industry expenditures on pollution abatement facilities and 
their maintenance are difficult to estimate. It is estimated that the chemical in-
dustry spends at least $40,000,000 annually on air pollution abatement efforts. 
Air pollution may cause undesirable effects such as the blackening of build-
ing interiors and exteriors; accelerate the more rapid failure of house and auto-
motive paints, fabrics , corrosion of various metallic materials, such as auto body 
steel. Economic losses caused by air pollution are quite large and have been esti-
mated at over $1,000,000,000 per year in the United States. One source, for ex-
ample, puts Pittsburgh's annual saving on laundry, house maintenance, and dry 
cleaning bills at $25,000,000 per year. 
Industrial, commercial, utility, and transportation concerns, private citizens, 
and governmental agencies are spending large sums of money in actually reduc-
ing the amounts of material discharged into the air. 
Here, at the Queeny Plant, which is one of more than 20 plants operated 
by Monsanto in the United States, approximately $150,000 was spent during the 
past year for the installation of equipment to reduce air pollution. This amount 
does not include the cost of operation and maintenance. Also, about $250,000 
wiU be spent within the next six months on additional air pollution abatement 
equipment. 
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Examples in use of Equipment for Control of Air Pollution 
Some of the types of equipment used for the control of Atmospheric Pollu-
tion at the Queeny Plant are: 
Cyclone Separators 
Cloth Collectors 
Spray Towers 
Packed Towers 
Water Jet Scrubbers 
Catalytic Incinerators 
Activated Carbon Absorbers 
Demisters 
A few examples in handling various types of air pollutants are: 
Poftutant 
Mercaptan and Lachry-
matory vapors 
HCN vapors 
H 2S and Solvent 
HCl vapors 
Organic Acid Mist 
Mixture of Organic Acids-
a highly irritant mixture 
Organic Dust Mixture 
Conclusion 
Abatement Equipment 
Lye scrubber and packed 
carbon tower 
Lye scrubber with 
subsequent chlorine oxidation 
Heat exchanger for solvent 
recovery, Lye scrubber for the 
H 2S 
1. Recovery for manufacture 
of 18° Be' Acid 
2. Schutte-Koetting 
water ejector 
Demisters with water sprays 
Catalytic Incinerators 
Cyclone Separator and 
Cloth Collectors 
The chemical industry will unquestionably continue to maintain its leader-
ship in the conservation and protection of our two natural resources-air and 
water. It has many serious problems with which to cope, but it also has re-
sources of trained technical personnel and extensive experience. It is a vigorous 
leader in raising the standard of living over the world. It will continue in its 
leadership toward good health, clean air, and better public relations in the na-
tion's communities. 
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The Contribution of the Automobile to Air Pollution 
F. V. MORRIS 
History of the Smog Problem Engineer, Midwest Research Institute 
T Kansas City, Mo. 
HE PHENOMENON of air pollution is not as new as one might expect from 
reading the newspapers. The problem has actually been with us for centuries. 
Legislation was passed in England in the thirteenth century to regulate smoke 
emission. Since 1932, however, several disastrous attacks have occurred in various 
parts of the world. Eighty people died in the Meuse Valley in Belgium in 1932 
during a severe attack Twenty more died and about 6,000 were made ill in 
Donora, Pennsylv4nia in 1948. These incidents were followed in 1950 by the death 
of twenty-two people in Poza Rica, Mexico and in 1952 by an estimated three 
thousand deaths in London all by the hazard of air pollution. 
During this period, when a few cities were experiencing catastrophic air 
pollution attacks, other cities such as St. Louis and Pittsburgh were making real 
progress in cleaning up their air. These actions were described for you in detail 
last year by Mr. Carter. 
The problem here was largely due to smoke, ash and sulfur oxides. With 
the regulation of coal burning, the growing popularity of gas heating, and the 
efforts of industry to reduce both smoke and oxides of sulfur the problem was 
largely solved. 
About 1948 Los Angeles began to be concerned about the growing frequency 
and severity of air pollution attacks in that area. The methods previously success-
ful in eastern cities were apparently not of help here. Coal burning was obviously 
not the cause of the problem because most of the heat and power facilities in 
this area utilize gas or oil. Industry greatly reduced its output of both particulate 
matter and oxides of sulfur but still the attacks became more severe. 
You may note at this point that the indiscriminate use of the word "smog" 
is somewhat confusing. It was originally invented to identify mixtures of smoke 
and fog. However, its use by technical writers and news sources alike has come 
to indicate most any type of air pollution. Specifically in the literature concern-
ing Los Angeles, the word has been used to indicate the type of air pollution 
common there although normally little smoke or fog is present. In this paper, 
its use is intended to convey the general idea of this particular type of air pollu-
tion. 
Obviously in order to make an intelligent attack on such a problem there 
was a need to be able to detect and to measure the severity of air pollution at any 
given time or place. Ordinarily one would expect simply to measure the par-
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ticulate matter or the specific chemicals responsible for the pollution. In Los 
Angeles however, the problem was of a different nature than any previously ex-
perienced and neither the responsible chemicals nor their sources were known. 
Hence the intensity of a smog attack could be determined only by a measure of its 
symptoms. 
Much of the early research on this problem was necessarily directed toward 
the identification of materials which were responsible for the major symptoms. The 
more important of these symptoms are eye and nasal irritation, odor, reduced 
visibility, and a peculiar type of plant damage. A fifth symptom which has been 
of great concern is the presence of large amounts of ozone and other oxidizing 
agents These had not previously been reported in connection with other air 
pollution problems. 
Dr. A. J. Haagen-Smit of the University of California was the first to show 
some possible sources of this smog problem. By mixing olefins such as hexene with 
ozone under certain conditions he was able to produce typical plant damage, re-
duced visibility and other smog symptoms. This result has been verified at Stan-
ford Research Institute and other laboratories. 
It was also shown by Haagen-Smit and others that ozone is produced in 
large quantities when mixtures of hydrocarbons with nitrogen oxides are irradiated 
by sunlight. This type of experiment also produces typical smog symptoms. 
A reasonable generalized reaction then for the production of Los Angeles 
smog was suggested as follows: 
Hydrocarbons + NO 2 Light 
Air 
oxidation products and smog symptoms 
These chemicals have many sources in an urban atmosphere. Any combustion 
process using air will produce some nitrogen oxides through the reaction of 
nitrogen and oxygen. Also most combustion systems are inefficient enough so 
that much of the fuel escapes either unburned or partially burned. Automobiles, 
industrial plants, home heating plants, trash burning and many others are sources of 
large amounts of oxides of nitrogen, hydrocarbons, and other organics. 
Methods are known for the removal of organic vapors from many of these 
sources. However the best, but still somewhat controversial estimates, indicate 
that automobile exhaust furnishes as much as 80 percent of the hydrocarbon 
present in Los Angeles air. 
For this reason research was initiated at Midwest Research Institute to in-
vestigate the actual role of the automobile in smog production. 
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Experimentation at MRI 
We have built two large reaction chambers by dividing a small greenhouse 
into two sections with a glass partition. These chambers were lined with glass 
and glass floors were installed. This was done because metals and most other 
materials either react with the ozone generator during an experiment or else they 
absorb many of the chemicals present. The size of the chambers (2200 cu. ft.) is 
important from two viewpoints . The volume to surface ratio is large, thus re-
ducing any effect of the surface to a minimum. Secondly, large volumes of gases 
are necessary for the many measurements which we desired to make. 
With two identical reaction chambers two experiments can be carried out 
simultaneously and a comparison can be made without taking into account the 
varying intensity of sunlight. This is an important feature of this type of experi-
mentation because typical Los Angeles smog is not developed in the absence of 
sunlight and the reaction rates involved are undoubtedly controlled by light 
levels. 
Smog is produced by putting automobile exhaust or pure chemicals into the 
reaction chambers. As the reactions proceed under the influence of sunlight, smog 
symptoms become evident and are studied by various means. 
A large number of chemical measurements were made in our early experi-
ments principally to learn if one or more of these might be a reliable measure of 
the eye irritation to be expected. It was also of interest to learn something about 
the reaction rates involved and the factors which might influence them. 
A group of 20 people enter the chambers to report the measure of eye ir-
ritation and odors. Oxides of nitrogen, oxidant, light, temperature and relative 
humidity are all measured by automatic instruments. Oxidants are also measured 
at intervals by other methods. Hydrocarbons, aldehydes, sulfur dioxide and 
carbon monoxide are measured at regular intervals. 
A number of conclusions may be drawn from such experiments. It has been 
definitely shown that "smog" similar to that occurring in Los Angeles can be 
produced from automobile exhaust alone. Nitrogen oxides are an important 
factor in the promotion of photochemical reactions. Eye irritation increases in 
general with hydrocarbon concentration. The rate of production of oxidant is 
determined by many factors including the level of light, the concentrations of 
nitric oxide, nitrogen dioxide and hydrocarbon. The nature of the hydrocarbon 
is also an important factor influencing both oxidant production and eye irrita-
tion. It has also been shown that strong interactions are also present among these 
factors and that the effect of each is conditioned by the levels of the others. 
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These theoretical findings are important from several viewpoints . The fact 
that smog may be produced from automobile exhaust alone indicates that some 
control of this source of pollutant must be attained. The reduction of both hy-
drocarbons and nitrogen oxides will probably have more effect than the control 
of either one alone. Our results verify those of Haagen-Smit in this regard. 
Possibly of greatest importance are the interactions among the effects of the 
various pollutants. These relationships point out the danger of drawing con-
clusions from simple experiments and then extrapolating them to a broad case 
such as the pollution of a city. Any such conclusions should be based on experi-
ments run under as varied conditions as is possible. 
Testing Devices 
From the earlier portions of this paper the idea was conveyed to you that 
Los Angeles smog is in some way different from that in other cities. It is true 
that no two cities are likely to have exactly the same pollutants and that this 
fact may introduce certain differences in the symptoms. It should be observed 
however that the chief factors which cause smog formation in Los Angeles are of 
ten present in other cities. These factors are low wind velocity, sunlight, a low 
inversion layer and a large output of pollutants including automobile exhaust. 
For this reason it is doubtful that the reactions taking place in Los Angeles are 
any different than those in our other larger urban centers. The frequency and 
severity of the attacks are greater in Los Angeles because these responsible factors 
are more often favorable to smog formation . Other cities may expect more and 
more of this problem as their output of pollutants increases. 
Possible Methods of Getting Relief 
Much progress has been made in reducing hydrocarbon output from sources 
other than automobiles. The Air Pollution Control District reports that over 600 
tons per day more hydrocarbons would now be entering the air if no remedial 
action had been taken. 
In spite of such controls the growth rate of Los Angeles has been enough to 
prevent any over-all reduction of the quantities of organic emissions. 
Although chemicals are the actual cause of air pollution, other factors are 
equally important. Consistently low wind velocities and a low inversion layer 
limit the amount of air available to dilute these chemicals. The sun initiates the 
reactions which change these ordinarily innocuous materials into chemicals re-
sponsible for the symptoms of smog. 
A solution to the problem apparently must involve one of these factors. 
Suggestions that the air be moved, i.e. by fans or other means appear impossible 
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because of the huge power requirements. Obviously any attempt to shut off the 
sunlight would not be a desirable solution although this has been suggested in 
jest. 
For real relief from the problem some control of automobile exhaust is the 
most likely _approach. Two types of devices are now receiving a great deal of at-
tention. One is a muffler containing catalysts to complete the combustion of the 
organic material to carbon dioxide and water. This device works well on un-
leaded gasoline and is not too expensive. Its chief drawback is that leaded gaso-
line soon poisons the catalyst and greatly reduces its efficiency. Research on this 
device is being done largely by the companies interested in catalyst research and 
manufacture. 
Another device which is being developed by the Automobile Manufacturers 
is called a carburetor cutoff. Its function is to reduce the flow of gasoline through 
the carburetor during deceleration. The figures are yet rather uncertain but it has 
been estimated that as much as 50 percent of the total hydrocarbon output in Los 
Angeles might be eliminated by such a device. 
Other suggestions have been made for controlling hydrocarbon emissions 
from automobiles but none of these are in an advanced stage of development. 
Many problems are involved in final perfection of a device for the control of 
the hydrocarbon content of automobiles. Even if a device reduces the over-all 
hydrocarbon output by 50 percent, if this is effected by taking out certain types 
of hydrocarbons the smog attacks may not be materially reduced. It is also ap-
parent from our results and those published by Haagen-Smit that a reduction of 
both the oxides of nitrogen and hydrocarbons will be more effective in controll-
ing oxidant production than will the reduction of hydrocarbon alone. This may 
also be true of eye irritation. 
Most of the nitrogen oxides from combustion systems appear as nitric oxide. 
This gas is not readily removed by any chemical reagent. Any chemical system 
which would oxidize nitric oxide to higher oxide before removal would appear 
to be a very expensive and impractical approach. Some research is being directed 
toward a catalyst to promote the decomposition of NO into its elements N 2 and 
0 2 . The thermodynamics of this reaction indicate that the decomposition would 
be complete if the reaction rate could be increased sufficiently by a catalyst. No 
such catalyst is known at present. 
Devices for the control of the emissions from automobile exhausr even 
when perfected will introduce a real problem for the control districts. You will 
readily see the difficulties involved in continuously checking 2.7 million automo-
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biles to see that such devices are present and in good working order. Since the 
pollutants are gaseous and not necessarily connected with visible fumes the de-
vices would need to be checked by chemical analysis. Instruments for continuous 
analysis of some of these components are available but no such method has been 
developed for nitric oxide. 
It is apparent then, that the knowledge of a complete and practical solu-
tion of this air pollution problem is not yet available. 
Summary 
The "smog" problem in Los Angeles is caused by a combination of factors, 
all of which may be found at times in our other densely populated areas. These 
factors include pollutants emitted by combustion processes, low wind velocity, an 
inversion layer or ceiling, and sunlight. A complete solution to the problem most 
likely will involve the removal of hydrocarbons and nitrogen oxides from flue 
and automobile exhaust gases. Some of the fundamental knowledge and much 
engineering technique remains to be developed before this can be done at a rea-
sonable cost. 
Research toward this end is being carried out at a number of Research 
centers. The federal, state and local governments, industry, universities and re-
search institutes are all at work on this and other problems related to smog. You 
may rest assured that the problem can and will be solved. 
Question: Do I interpret your remarks correctly when I say that the air pollu-
tion due to the automobile which you described is something we may 
expect in this area in the future' 
Morris: I see no reason why we should interpret it any other way. 
Luebbers: This makes this subject much more pertinent than I had anticipated 
when I asked for this paper on this program. Would you care to make 
any further comments concerning the formation of oxides of nitrogen' 
Is there any difference in the amounts of oxides of nitrogen formed-say 
-in a Model T Ford and in some of the modern, present day cars1 
Morns: The actual conditions in the automobile which cause these compounds 
to be formed are not too well known. However, it seems that if the fuel 
mixture is lean; with low amounts of hydrocarbon, you get a lot of oxides 
of nitrogen formed. Temperature also has something to do with it. It is 
a function of temperature, time in the chambers, amount of oxygen, ni-
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trogen and fuel is present. You can get all the way from ten to 5,000 parts 
per million of NO in the exhaust. 
Question: Would operating the engine at a higher temperature have anything 
to do with the combustion? 
Morris: Actually, you get only about ten percent of the fuel going out of the 
tail pipe. There is little known about how to raise this efficiency. In the 
past, most of the automobile manufacturers have been working toward 
obtaining more power, rather than toward reducing this ten percent loss 
in efficiency. I'm sure though, that increasing the temperature of the 
engine would increase the oxide of nitrogen output. 
Question: Is it true that the Los Angeles situation is unique? Part of their prob-
lem is brought on by their particular topographic and geological situa-
tion. I question whether the situation can ever be as severe in Missouri 
as you imply. I doubt that you mean to say that there is a big possibility 
that Kansas City and St. Louis, or even our smaller cities will have an 
acute smog problem as you have described. 
Morris: I think it is generally felt by meteorologists that the topography of the 
Los Angeles area has very little to do with the production of smog. I 
understand they do not get the benefit of the prevailing winds as we do 
in Missouri. However, there are days when we do not get the benefits 
from these either. Now the frequency is another problem. The frequency 
of low inversion and low wind velocity is not nearly so great here as on 
the west coast. For this reason, this area, on the average, can tolerate more 
pollution output. 
Question: Aren't we underestimating the amount of atmosphere that is available 
for pollution. 
Morris: The average wind velocity in ~os Angeles area is about one-half that 
in the rest of the country. While this is not a large factor, it does ac-
count for much of their problem. On days on which we have temperature 
inversions, just as I pointed out, we have had in Kansas City, just within 
the past few weeks, eight days when the inversion and wind velocity were 
low enough to produce mild symptoms of these situations. All of the 
smog symptoms were produced. What would have happened had there 
been 2½ million cars in Kansas City, as there are in Los Angeles. I would 
suggest that it would not be as severe as problem as that of Los Angeles, 
but never-the-less serious. 
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Question: What symptoms of plant damage would be given? 
Morris: It is a unique damage to the underneath side of the leaf in mild attacks. 
It gives a water-logged sheen to the plant; a brownish or silvery sheen. 
There is a typical type of cell damage. Mittletons work at the Riverside 
station will give a better description of this damage. (W.S.D.A. Plant Dis. 
Reporter 34:245-252) 
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The Relation of Stream Flow and Stream Pollution 
BY HARRY C. BOLON 
District Engineer, U. S. Geological Survey 
Rotla, Mo. 
MUCH CAN BE said about the relationship between river flows and our pollu-
tion problems. The first thing that can be said, and the sad fact that faces us, is 
that pollution increases when our streamflow decreases, The second fact that faces 
us all is that pollution due to increased population and industrial growth is on a 
rapid increase. 
Nearly every city, large or small, has its own problems. Because of this 
wide variation in individual problems, it is not possible to discuss any one par-
ticular stream and its relation to pollution problems with the idea that it covers 
the field. However, we do believe that by doing so we can illustrate many cases 
that are of interest to you. 
I have no way of knowing just what part of the state each of you are inter-
ested in, but several principles will apply to most of you. As I've said before, if 
you are discharging sewage into a stream of any size, the problem is the greatest 
when the stream is dry or at a minimum flow. 
Let us first think of our two largest rivers, the Missouri and the Mississippi. 
For too many years we have considered these two streams to be large enough to 
accommodate the cities along them as sources of good water and, at the same 
time, serve as an open sewer. Now we are faced with problems of over pollu-
tion. Even streams of this size can be contaminated to the point that they make 
a poor source of water for many purposes even with expensive treatment. 
There is now a considerable amount of pressure upon certain agencies to re-
lease more water from upstream reservoirs to increase flow down these streams. 
Health is important! The reservoirs were designed to serve many interests and 
the water must be doled out to serve all these interests as well as possible. By 
proper treatment of sewage and industrial wastes the pollution of these streams 
can be reduced without the use of so much water. 
At the present time, there is much controversy regarding the low flow down 
the Missouri River, yet the present flow past Kansas City is more than 10 times 
the minimum recorded 21 years ago next January, when a minimum of only 
1,500 cubic feet per second was reached. The present flow is about 15,000 cubic 
feet per second. It was below 6,000 c.f.s. during the water years of 1933, 1935, 
1936, 1937, 1938, 1940, 1946 and 1947, or 8 out of the 28 years 1929 through 
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1956! With a quick and hard freezeup the flow could easily fall below 6,000 c.f.s. 
this winter, but I have been advised that through reservoir releases, it is hoped 
that a flow of over 9,000 c.f.s. can be maintained. The fact must remain, how-
ever, that no amount of release from reservoirs will increase the flow past Kansas 
City if the water freezes and jams between the reservoirs and Kansas City. 
On our streams such as the Grand, Osage, Gasconade, Thompson-all of 
which originate within or near the State of Missouri~the minimum yearly flows 
usually occur during the months of August, September, or October. It is , there-
fore, during these three months that pollution problems are most likely to be 
acute on rivers of this type. 
On streams with drainage areas of less than 1,000 square miles, like the 
James, Platte, Cuivre, Forks of the Salt, Chariton , Nodaway; Tarkio and many 
others, we may expect periods of no flow. During any drought period, such 
streams cannot carry off much sewage or industrial waste without causing a pol-
lution problem. The main thing to remember is that there is a long-term record 
of flow at at least one point along all of the streams just mentioned and also 
on many similar streams. Such data are very useful in anticipating what problems 
may be encountered by any amount of sewage or industrial discharge. 
Little do many realize that our records include such statements as follows: 
Fox River at W ay!and: 
"No flow on many days 1930, 1934, 1936, 1939, 1940" 
Wyaconda River above Canton: 
"No flow at times in 1934, 1936, 1940, 1941 and 1953" 
Saft River at New London: 
"No flow August 3-14, 1934, Aug. 21 to Sept. 1, 1936" 
Tarkio River at Fairfax: 
"No flow for several days in July and August, 1934" 
Platte River near Agency: 
"No flow for several days in July and August, 1934" 
One Hundred and Two River near Maryville: 
"No flow July 25, 26, 1940" 
Grand River near Gallatin: 
"Minimum discharge 2.4 cubic feet per second, Oct. 24, 25, 1938" Record for the 
water year just ended will show even a lesser discharge. 
Thus, it must be realized that any amount of sewage or industrial discharge 
will at times cause serious problems along such streams. Many cities are situated 
along or near even smaller streams. 
One of the best records on a smaller stream is on Youngs Creek near Mexico, 
below an area of 67.4 square miles. Except for the water year ending Sept. 30, 
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1942, "no flow" was recorded every year since the station was started in 1930. 
Many periods of no flow were of two months duration or more. 
On an area still smaller, namely, East Fork Fishing River at Excelsior Spring, 
with an area of 20.0 square miles, "no flow" has been recorded four of the six 
years since the station was started in 1951. The longest single period of no flow 
at this station was the 69 day period beginning Sept. 7, 1953. When the records 
are computed for the summer just past, a longer period of no flow will probably 
be indicated. 
White Cloud near Maryville, with an area of only 6.06 square-miles had no 
flow past the gage for a 259-day period starting Aug. 24, 1953 and ending April 
9, 1954. 
We have given you these examples of low-flow records for two reasons. 
First, to emphasize the problems of discharging any waste into a small stream. 
Second, to stress that much data is available to assist in designing disposal plants. 
These data are available for the asking. 
Stream pollution is usually man made. The streams were here before we 
came, and will probably still be here after we are gone. While man can do much 
toward drying up a stream, in general streams have not changed as much as most 
people believe. Except where run-off is controlled by large lakes, ditching, or 
reservoirs, records indicate that the streams have not changed nearly as much as 
have the demands we place upon them. 
In conclusion, may I point out another fact. Our life span may well be com-
pared to that of a chain. One weak moment or one weak link may terminate its 
usefulness. Likewise one single instance of over pollution might easily prevent 
any of us or our children from being around to collect our social security. There-
fore, it is most important that all our sewage treatment plants be designed to 
control pollution even with the minimum streamflow to be expected. 
-26-
Waste Disposal Practices of the Petroleum Industry 
Introduction 
H. M. STEININGER AND 1. V. SORG 
Research Department, Standard Oil Company (Indiana) 
Sugar Creek, Missouri 
THE PETROLEUM INDUSTRY wants to be a good neighbor in all its operations, 
including the discard of its waste materials. It is keenly aware of the need for 
pollution abatement and is particularly conscious of the public-relations aspects 
of its waste-disposal procedures. Of its own volition, it has invested large sums 
of money in research and engineering on pollution-abatement methods. The in-
terest and concern of the industry in this field is illustrated by the support given 
to the American Petroleum Institute project at the University of Wisconsin on 
the development of oil-water separators. This project yielded ,an oil-water separator 
of new design that performs with efficiency unattainable before. 
The industry has also invested large sums of money in equipment specifically 
for minimizing and avoiding pollution. Both the developmental work and the 
equipment installed to abate pollution have been aimed at providing maximum 
improvement in the quality of refinery effiuents at minimum cost. The 
industry is quick to pick up new ideas for pollution control , adapt them 
to plant operations, and keep careful watch on the performance of such equip-
ment to insure maximum benefits. 
The extensive research and development work already completed, by indus-
try and by governmental agencies , plus an even larger investment in continuing 
and future programs, has the objective of providing the technical knowledge and 
developing processes for coping with waste disposal problems. A large amount of 
time and effort must be devoted before a pollution-control theory is developed 
and tested to the point where it can be put into practical use. The substantial 
capital costs required in most pollution-control methods at refineries preclude a 
"hit or miss" approach. 
Most modern refinery waste-treatment programs now recognize the desir-
ability of (1) segregating waste, (2) reducing the volume of effiuents , (3) neutral-
izing or otherwise disposing of spent treating solutions, ( 4) stripping sulfides 
and ammonia from sour process water, (5) gravity settling to remove separable 
oils and solids, and ( 6) chemical or biological conversion of pollutants. The basic 
processes, therefore, are sedimentation, stripping, oxidation, and sludge disposi-
tion. 
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Sedimentation 
As would be expected, refinery waste-waters contain traces of oil, resulting 
from contact between water or water solutions in the processing steps. Oil in 
a waste stream discharged to public waters may create an unsightly appearance 
and interfere with normal use of the water for recreational and domestic pur-
poses. Oil imparts both taste and odor to water; from the standpoint of the 
domestic water supply, these properties are the primary difficulties resulting from 
oil contamination. 
The major item of refinery equipment that prevents loss of oil to the ef-
fluent stream is the oil-water separator. (Figure 1) Through these units flow the 
FIGURE 1. 
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waste waters for recovery of oil and removal of sediment prior to discharge. In a 
typical refinery, such units may recover from waste water a volume of oil com-
prising 1 to 2 percent of the crude oil processed. Such traces of oil as may be 
found in the effluent from a separator can be eliminated in oxidation ponds prior 
to discharge; solids obtained froi:n separators are discarded to pits or may be in-
cinerated. 
Spent Treating Solutions 
Sulfur compounds are present in refinery wastes, usually in the form of sul-
fides or mercaptides. During refining, some of the sulfur present in crude oil is 
changed into hydrogen sulfide and mercaptans. Both are extremely odorous. 
Some of the hydrogen sulfide finds its way into the raw waste water in the form 
of sulfides. Mercaptans are usually present as sodium mercaptides. Solutions of 
caustic soda are used widely in the oil industry for removing these impurities, 
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wholly or in part. Thus, the spent solutions from such treating operations con-
tain sodium salts of sulfur compounds. Usually some free sodium hydroxide is 
also present. The disposal of spent caustic solutions is particularly critical; in any 
body of water, high alkalinity is undesirable from the standpoint of aquatic life 
and subsequent use of the water. Neutralization with acid before discharge to 
the waste-water system is widely practiced. Alternately, caustic solutions may be 
sold for chemical recovery or used in refinery units to combat corrosion. 
Traces of phenolic compounds may occur in crude oil, and more are formed 
during the cracking reaction. When present in too great a concentration phenolic 
materials are damaging to aquatic life ; they also impart taste and odor to drink-
ing water, especially after it is chlorinated. At the present time there is a good 
market for phenolic materials from petroleum, commonly referred to as cresylic 
acids. Treatment of cracked fractions with caustic extracts these compounds in 
the form of sodium cresylate solutions, which commonly contain 15 to 50 per-
cent of phenolic bodies and 2 to 7 percent of the corresponding thio compounds. 
Sale of cresylate solutions to chemical companies eliminates them from the waste-
water streams. Alternately, treating the solutions with acid liberates the phenolic 
compounds as an oil , which can be burned in the refinery or sold. The water 
solution resulting from the neutralization contains mainly inorganic salts and can 
be safely discharged. 
Stripping 
Nitrogen compounds are also presen t in raw refinery waste water. Nitrogen 
present in the crude oil is usually converted to water-soluble compounds during 
cracking. When condensed, the steam used in refinery processing contains these 
nitrogen compounds. These steam condensates usually contain phenols and sul-
fides, too, especially when originating from catalytic cracking operations. These 
constituents are volatile and hence it is possible to use a stripping operation (Fig-
ure 2) to rid the condensate of them. Stripping is carried out in a tower counter 
currently with steam, flue gas, or fuel gas passing through the heated solution. 
The volatile compounds are thus carried out with the stripping gas. Sulfides are 
nearly completely removed, ammonia is fairly well stripped out, and phenols are 
less readily removed. The gases containing the liberated contaminants are usually 
sent to a furnace or flare for combustion, so as to avoid polluting the atmos-
phere. The stripping water is suitable for discharge to a cooling tower or an oxi-
dation pond where the remaining phenolics are decomposed. By the stripping 
operations water-borne contaminants become air-borne unless incinerated. In 
some situations the sulfur dioxide and the oxides of nitrogen produced by the 
combustion of the gases from a stripper could create a problem. The threshold 
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odor number of the stripped condensate is appreciably improved; therefore, if it 
is discharged to the effiuent stream, marked improvement in the odor of the 
stream will have been made by this operation. 
Oxidation 
Partially purified waste waters are usually subjected to secondary treatment 
for final clean-up prior to discharge from the refineries. After passing through 
final separators for removal of all but traces of oil and sediment, waste-water 
from a refinery can be impounded in ponds for further purification prior to dis-
charge or in some specific cases can be discarded to underground vaults. The use 
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of an impounding basin, commonly called an oxidation pond, has received a 
large amount of study by the industry. This device (Figure 3) is gaining accept-
ance in places where ground space is available and where weather conditions are 
FIGURE 3 
BIOLOGICAL- OXIDATION POND 
FUNCTIONAL PROCESSES 
11111) ANAEROBIOSIS ___.. RCOOH, RCHO, ROH+ NEW CELLS+ 
CH4 + + CO2+ NEW CELLS • 
ES) AEROBIOSIS ----+- CO2 • + H20+ NEW CELLS • 
ALGAL 02 + NEW CELLS t 
reasonably suitable. These ponds are usually divided into three zones, anaerobic, 
aerobic and algal. Zone boundaries are arbitrary and transition is gradual. 
The influent end of an oxidation pond usually operates with a lesser amount 
of dissolved oxygen than the effluent end; hence, it is commonly called the ana-
erobic section. This situation is due more to the lack of oxygen than to the pres-
ence of anaerobic organisms affecting the conversion of contaminants. Usually it 
is desirable to have an oil-collecting system on the influent end of the pond if 
previous oil-separating means have not been completely effective. 
After leaving the anaerobic area, the water en ters the aerobic section in 
which dissolved oxygen is abundant and bio-organisms are exceedingly active. 
These organisms feed upon carbonaceous matter, using dissolved oxygen to con-
vert it to stable compounds such as carbon dioxide, water, sulfates and nitrates. 
This part of the pond is not affected so much by settlable solids as is the influent 
end. It may even be that this section, although biologically very active, depends 
upon bacteria for the activity rather than algae. It may contain a sufficient quanti-
ty of contaminants which are harmful to algae so that they do not grow luxuri-
antly. 
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As clarification is effected by bacterial action in the aerobic zone and a re-
sulting concentration of carbon dioxide built up, conditions become conducive to 
the existence of algae. Hence, in the effluent section of the pond there is likely 
to be a considerable growth of algae; these are beneficial providing they do not 
become so numerous as to be a disability from their own life processes. Death of 
exceedingly large amounts of algae can present an odor problem. 
Oxidation ponds are usually sized to provide at least a 4-day holding time. 
Water depths are not particularly effective beyond 3 or 4 feet because oxygen 
availability becomes increasingly scarce as the depth of the water is increased. 
Greater water depths also decrease the penetration of light which is essential to 
the biological and plant processes of growth. The performance of a pond is aided 
by mechanical aeration and it is used where it can be justified. 
There are two other pollution-abatement methods which make use of oxi-
dation for conversion of contaminants to innocuous materials. These are trickling 
filters (Figure 4) and activated sludge digestors (Figure 5) . Trickling filters are 
FIGURE 4 
TRICKLING FILTER 
ROTARY DISTR IBUTOR COLUMN 
SPRAY NOZZLE 
usually enclosed beds of stone 3 to 5 inches in size and in a depth ranging from 
3 to 10 feet. The water-borne contaminant is distributed over the upper surface 
of the rock through either fixed nozzles or rotating arms. Under the proper con-
ditions the surface of the stones becomes covered with a layer of slime which 
contains a variety of biological organisms. As the waste water trickles down over 
the bed, oxidative processes occur which convert the undesirable materials. Be-
neath the trickling filter is an underdrain system which picks up the water and 
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FIGURE 5 
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sends it to a final clarifier or settler. In addition to enabling the water to flow 
through the bed, it is essential that aeration occur. Deficiency of aeration is often 
a function of the drain lines which lie underneath the filter . A common disabili-
ty of trickling filters is the sloughing-off of dead organisms which may clog the 
filter of the recovery lines if these lines are inefficieqtly designed. Because of the 
dead organisms present in the water, clarification or settling after the filter is re-
quired. If by accident, the organisms of a trickling filter become killed , the ma-
terial sloughing off the rocks becomes a real problem. Terrific odors and fouled 
water can result. However, when operating properly, trickling filters are quite 
efficient. Sulfides are virtually eliminated, phenols are consumed down to a few 
ppm, and the bio-chemical oxygen demand of the total contaminant is greatly 
reduced. Their operation, however, is tricky and it requires considerable control 
of the influent to maintain a healthy bed or slime. They have the added disad-
vantage of increased difficulty in operation during cold weather. 
The activated sludge process uses about the same kind of biological organ-
isms as found in the slime on a trickling filter. However, instead of the slime 
being affixed to an immovable body, it is loose and is circulated with the waste 
water undergoing treatment. In addition to circulation, the entire mass is aerated 
to give aid to the digestion process. Waste water and recirculated sludge are fed 
into one end of the aeration basin. Air enters the diffusers at the bottom provid-
ing oxygen for the oxidation reaction and for maintenance of turbulance. The 
entire mixture flows to a basin where the organisms are settled out and returned 
to the digestor. The clarified effiuent then is ready for discard. The activated 
sludge process is most useful where phenolics are to be decomposed. The organ-
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isms are particularly sensitive to alkalinity and the presence of other contami-
nants . Therefore, it is usually essential to have some kind of holding device 
ahead of sludge digestion to furnish a uniform feed to the system. Usually the 
activated sludge process is seeded with sludge from another operation. To main-
tain it in a healthy condition, often it is necessary to provide some added nu-
trient, such as small amounts of ammonia or phosphate. It is not uncommon for 
organisms to handle water containing up to 500 ppm of phenols. They can re-
duce this concentration to less than 1 ppm. It is very important to keep oil out 
of the activated sludge process. Oils tend to combine with the sludge mass, mak-
ing it less dense than the water phase and, therefore, it settles either not at all 
or only with difficulty. The success of the activated sludge process is dependent 
upon the sludge settling out in the after-holder so that it can be recycled through 
the influent end of the system. 
Particularly in the oil fields , more attention is being given to the discard of 
contaminated materials into underground vaults where it gradually seeps through 
natural formations and becomes dissipated. This discard method must not be 
used without thorough knowedge of the character of the underground forma-
tions. Promiscuous use could lead to the contamination of water supplies at dis-
tant points. Pumping costs associated with the movement of water into these 
underground areas are substantial. Despite some of these disabilities, this method 
must not be overlooked as a possible means of discarding at least some of the 
most undesirable waste materials. 
Disposition of Sludges and Miscellaneous Wastes 
A typical petroleum refinery must dispose of not only water-borne wastes 
but also solid and semi solid wastes, such as tars, asphalts and the usual accumu-
lation of rags, paper and wood. Final disposition must also be made of the solid 
and semi solid sludges from oil-water separation. Incinerators offer a means of 
reducing such wastes to ash which can then be disposed of finally by burying. 
Certain water-borne wastes can also be handled by incineration. The possibilities 
of air pollution resulting from incineration must, of course, be given due con-
sideration before installation of such processes. 
Conservation 
The petroleum industry realizes the importance of water conservation, not 
only from the viewpoint of conservation per se but also from the angle of water 
pollution. Therefore, numerous methods are used to conserve the amount of 
water required in the refineries. Illustrative is the so called "dry finishing" of 
gasolines and oils. Formerly, undesirable acidic contaminants-mainly sulfur com-
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pounds-were removed by contact with caustic soda solutions. Such residual 
caustic as remained entrained in the oil was washed out with water and the solu-
tion discarded. By means of coalescing and filtering procedures, such as the use 
of beds of rock chat and rock salt, it is possible to remove the last traces of the 
finishing solution remaining in the oil without the use of water. Likewise, in the 
past it has been customary to use process cooling water mainly on a once-through 
basis. Where water was abundant, this practice was cheap. However, the water 
so used could have had contact with oil and could contain contaminants. Now 
it is customary to use cooling towers or spray ponds wherein the water is cycled 
to the process units many times and the only discard from the system is the 
blowdown water necessary to maintain the proper chemical characteristics of the 
circulating water. The blowdown is only a very small portion of the total amount 
of water used in such a system. Obviously the use of cooling towers and spray 
ponds has resulted in a significant conservation in the use of water and has mini-
mized the discharge of contaminated water. In some areas so important has be-
come the necessity for conservation of water that recycle of the purified total 
water-borne waste is carried out. If the waste water is given a preliminary treat-
ment and then accumulated in an oxidation pond the final effiuent may be pure 
enough for use in subsequent cooling tower operation. 
Large amounts of steam are generated by the petroleum industry. Chemical 
preparation of water for boiler feed is required which results in the production of 
substantial quantities of water-softening sludge. This sludge imparts color to any 
body of water into which it may be discharged. Hence, if so discarded, the rate 
must be carefully controlled to minimize the color effect. It is sometimes possi-
ble to reuse a portion of the sludge in the cold-process clarification of raw water. 
Because the sludge is highly flocculent and absorptive, it aids in water prepara-
tion and decreases the amount of flocculating chemical required. 
Re-use of sludge from boiler operation is practiced by some refiners . This 
sludge contains valuable alkalinity and sulfate. If the sulfate content of the fresh 
water used for boiler feed water preparation is low, the water can be augmented 
in sulfate content by adding boiler blowdown. Usable water and chemicals thus 
are recovered. 
Conclusion 
The petroleum industry is alert to the need for both control of pollution 
and conservation of water. It is among the first to apply the findings of research 
programs, both public and private, to the solution of its own problems. Hence 
new waste disposal facilities are being provided for existing refineries. Where 
new refineries or new units are built, the new construction includes the most 
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modern equipment for adequate handling of the waste products, usually at a sub-
stantial additional cost,. Included in these new facilities , the reuse of and conser-
vation of water is coming into practice more and more. 
The industry recognizes that one of the most practical and pressing prob-
lems it has is to establish a close working relationship with the water pollution 
control agencies. Cooperative effort should lead to the establishment of mutually 
satisfactory objectives. At present, there appears to be no unanimity of opinion 
as to whether control standards should be worded in terms of quality of the effiu-
ent for a given industrial establishment or the quality level to be maintained in 
the receiving water. Both bases are used; each has its drawbacks. The industry 
feels that any restrictions or regulations which may be promulgated should be 
based on sound scientific consideration, should be fair to both industry and the 
public, and should be attainable with reasonable investment for facilities to meet 
such requirements. 
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